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PREFACE 


This report, prepared by the U.S. Department of Energy, Bartlesville 
Energy Research Center, for the U.S. Department of Transportation, Trans- 
portation Systems Center, Energy Technology Branch, Cambridge MA, presents 
results of experimental work to obtain information on performance charac- 
teristics of an engine used in automobiles sold in the United States. The 
engine used in this work is one of a series of 10 engines to be tested in 
the current program. This is the first of the reports to be published 
covering work with those engines. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of Passenger 
Vehicle Research, Technology Assessment Division. 


Ralph G. Colello and James A. Kidd, Jr., of the U.S. Department of 
Transportation, Transportation Systems Center are the technical monitors. 
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1. INTRODUCTION 


Data acquired from steady-state tests of a 1976 Chevrolet Vega 
2.3-liter (140 cubic-inch-displacement) engine are presented in this 
report. The test results are sufficient to establish maps of fuel 
consumption and emissions of carbon monoxide, unburned hydrocarbons, 
and oxides of nitrogen over the operating range of the engine. 


The Chevrolet 2.3-liter engine is one of a series of 10 engines 
to be tested in the current program. The steady-state maps of emissions 
and fuel economy generated by this study may be used to predict engine 
and emission control-system performance for transient operation. 


2) ENGINE TESTMRERORT 


A new mean-tolerance 1976 Chevrolet Vega 2.3-liter engine was 
acquired for this series of tests. The engine was mounted on a test 
stand and coupled to an eddy-current dynamometer. All engine accessories 
were included in the test installation except for the cooling fan and 
radiator. An alternator was mounted on the engine but was not connected 
to the electrical system. Emission control systems included exhaust-gas 
recirculation (EGR) and an oxidation catalyst. Table 1 contains the 
manufacturer's general specifications for the 1976 Chevrolet Vega 2.3- 
liter engine. 


Prior to the start of the testing program, the engine was broken 
in at speeds and power settings comparable with normal vehicle operation. 
Table 2 contains details of the break-in schedule that was used. A 
single batch of unleaded, regular grade gasoline was used for the entire 
break-in period and test program. An analysis of the fuel appears in 
table 3. 


Steady-state tests of the engine were made at the speed and load 
points indicated in table 4. At selected speeds, the engine was driven 
by an electric motor to simulate closed-throttle decelerations. The 
following data items were recorded at each test point: 


Test number 

Date 

Barometric pressure, mm Hg 

Dew point, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, Ib-ft -- BLH strain gage load cell; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BIC 

Manifold vacuum, in. Hg 

Throttle Angle, deg 

CO, pct -- Beckman NDIR 

C05, pct -- Beckman NDIR 


O05, pct -- Beckman polarographic detector 
HC, ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 


Oil temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 
Intake manifold temperature, °F. 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury): 


e 7398.1 
P = exp pe.717 2 aod 9 


where D = dewpoint, °F. 


2, Absolute humidity (grains moisture per pound dry air): 


_ 4347.8(P) 


1 a Sa 


where B = barometric pressure, mm Hg- 


3, Humidity correction factor (dimensionless): 


a ] 
~ 7 = 0.0047(H - 75) 
Note: This factor is used to correct the NO, mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


4, Stoichiometric air/fuel ratio (dimensionless): 


X 
ne. = OI ons 


: MWeuel 
where x = hydrogen-carbon atomic ratio of fuel 
y = oxygen-carbon atomic ratio of fuel 
Milfue] = fuel molecular weight per carbon atom 


12.01115 + 1.00797x + 15.9994y - 


5. Hydrogen concentration in raw exhaust (percent): 


eos x(CO)(CO + CO i 
2 ~ ~2(CO + 3C09) 
where CO = carbon-monoxide concentration (percent) 
C09 = carbon-dioxide concentration (percent) - 


OF 


Note: This equation assumes a water-gas shift equilibrium constant 


(CO) (90) _ 
(C02) (Ho) B 
Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 
X 
(5) (CO + C0>) = Ho ‘ 


eee TOO 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


Air/Fuel ratio (dimensionless): 
NO 


x 
i AF, (14 5 = y)(CO) + (2 + 5 = y)(C02)) + 2(07)) me 
= Beat Bn hl Su eSa. TER pee nel ae ko Ge one a 
(Le pie y CO C05 + Cw (97) 
where 09 = oxygen concentration (percent) 


NO, = oxides of nitrogen (ppm) 
HC = unburned hydrocarbon concentration (ppmC), 


Exhaust flow (pounds per hour): 


where Me = fuel flow rate (pounds per hour). 


Carbon monoxide mass emission rate (grams per hour): 


MW 
2 CO CO 
Mco = Mex (709) (je )453-99237 


where l'ceq = molecular weight of CO (=28.01115) 
MWey = molecular weight of exhaust gas (=28.967) . 


Unburned hydrocarbon mass emission rate (grams per hour): 


Mu 
. HC, HC 
Mac = Mex(qq6) (ye) Cy 453.59237. 


molecular weight per carbon atom of HC 


where MWe 
12.01115 + 1.00797x + 15.9994y. 


11. Oxides of nitrogen mass emission rate (grams per hour): 


NO MANO. 
MNO, = Mex (96) ( MWe y ) (Ky) 453 .59237 9 


where MNO, = molecular weight of HOo (=45.0028) . 


12. Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


_ _N(T)__ /736.6, ft_+ 460 
HPS sats 13 (p= pV 


where N = engine speed (revolutions per minute) 
T = brake torque (foot-pounds) 
t = air temperature (°F). 


3. DISCUSSION OF TEST RESULTS 


The maximum torque and power outputs measured in these tests were 
in agreement with the manufacturer's specifications. Emission rates 
of CO, HC, and NO, were typical of modern engines equipped with exhaust- 
gas-recirculation (EGR) systems and oxidation catalysts. The carburetor 
was set for lean operation for low-power operation, enabling the 
catalyst to control CO and HC effectively. At higher-power levels, the 
air/fuel ratio tended to decrease, resulting in less effective catalytic 
treatment of CO and HC. At a given speed, emissions of NO, tended to 
reach a maximum somewhat below peak power. Above this power level, fuel- 
rich engine operation resulted in a decrease in NO, emissions. See 
figures 1 through 6. 


The data presented in this report are sufficient to establish 
Steady-state maps of fuel consumption and emission rates for the 1976 
Chevrolet Vega 2.3-liter engine. 


4. CONCLUSIONS 


The purpose of the experimental work reported here is to establish 
data for this engine. Those data are presented in the tables accompany- 
ing this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement, :cu sims. Sajna. F2OM. PSA Tae Se 140 
Maximum horsepower, bhp @ 4,400 rpm................. 84 
Maximum torque, Ilb-ft @ 1,300 rpm................... 113 
Bore and Stroke) ding cscs otstee ce ere ec eicie ke cee cre en 3.500 x 3.625 
ConFi guration. e Cacic scl soe cde hte ree eee iene in-line 4-cylinder 
Compression: ratiow ors bine < ve hke Cece ee eects 8.0:1 
Firing! Onder 2 scec eee eta ae ee le eee eter ore ene 1-3-4-2 
Ignition timing at idle speed, °BTDC @ 750 rpm...... 2 
Blockmater dali: con caus ss eee es eee mre eee cree aluminum 
Head materiale. .07.. sc ti. ce sn elses Carats ereaerens cast iron 
Number of crankshaft main bearings...............+.. 5 
Number of compression rings/piston)...0...6.-sscsscee 2 
Number of 011) wings/ pistons. asses eee ] 
Cam drive vty pen oes ce ne cine sae lsren teres cree rane belt and sprocket 
Valve lift: 

EMta kena ce ee eee eee ects ae ache ice ce A a rst eae ae 0.400 + 0.002 

ESOP LUNS tg TNs ceo cen esa Shes a Srey cote ey ie irene ee 0.415 + 0.002 
Spark plug’ gapi: nes oa. jesiem cle see cee cerevene eres eaten 0.035 
Engine -wei@hits..” UD. oss ccccs aise ac Sven aie cectees eee seeheneererieterer 310 
Crankcase emission control: 

Control! method soi. cis yse wi cyerecioe once errs positive crankcase 

ventilation 

Point. of -discharge:. <0)... ois sjcoaccs sine enero ce intake manifold 
Carburetor sty per eo aici 5 oid cele Siedere « eteveusnes c Creme ieraraeter 2 barrel down draft 
Distributor specifications: 

Centrifugal advance, begins, ° @ 1,600 rpm..... 0 

Centrifugal advance, intermediate, 

4a" 2 5000) 2 Pitlisictess «cee eiaterecsvercnee ie creme emeememee tees 5 

Centrifugal advance, full, ° @ 4,800 rpm....... 22 

Vacuum advance, begins, ° @ 5 in. Hg........... 0 

Vacuum advance, maximum, ° @ 12 in. Hg......... 24 
Distributor: MUMber eo .c cies « </scsceteus te ol onezs: sieyrohemeneaeesrenenen ee 1112862 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle Engine speed, Manifold vacuum, Time in mode, 

speed, mph rpm in. Hg min 
0 Idle 16.0 15 

20 1,100 18.4 i 

30. 1,500 13.0 ‘ 

40 1,900 12.0 . 

50 25325 12.4 x 

60 2,800 11.1 : 

25 1,300 15.5 i 

35 1,700 li2e5 i 

45 2,100 12.2 5 

55 2,550 11.8 


Mileage per cycle = 90. 
Total mileage accumulated over 40-hour break-in period = 1,440. 


TABLE 3. FUEL ANALYSIS 


FUCT ONO iiss, csi lentes cic ace & Seaaeiens oaeueeeraee 
Research octane NO. i... 25. osc e oe 
Motor: octane NO. 2s... ac ees tee 
SPECITICGKhaVIty. ct ewtes cee 
API gravity, deg PM Mean an ey oun 5 oka 
Distillation, °F 
lO4pet evaporated... 05 ee 
50 pct Wiehe Sens Oster 
95 pet WADE eee ocds sear 
100 pct ener ne cts 5 alesis 
Reid vapor pressure, pSiiG.). ston. 4.. 5. . 
FIA analysis, pct: 
AVOMATTCS 0 coos vice ee eee soe meena 
OUTER TMS os ere oe) ce eects 
Para bEliySis ss sie tee fis arsheenrr a © ee Geneon ae 
SUIFURS GDOU. eo. Wek uss ae ere teen ere 
Leads: Grams / Ga linens take a. 5 cer eee 


Hydrogen/carbon atomic ratio......... 


Oxygen/carbon atomic ratio.....-..... 
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FIGURE 3. Carbon ‘lonoxide Emissions versus Power at 
Various Speed and Load Conditions--Chevrolet 
Vega 2.3 Liter Engine. 
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FIGURE 5. Oxides of Nitrogen Emissions versus Power at 


Various Speed and Load Conditions--Chevrolet 
Vega 2.3 Liter Engine. 
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FIGURE 6. Fuel Rate versus Power at Various 


Speed and Load Conditions--Chevrolet 
Vega 2.3 Liter Engine. 
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